ABSTRACT. Following the design of a conservation-based agricultural development strategy and food security strategy, the Tigray government has implemented different pro-poor development programs over the past years to address the problems of food security. This study attempts to investigate the effectiveness of government policy interventions at different scales addressed to improve food security. Food security both at the regional and district level was investigated by deriving food balance sheets for the period 2000-2008. An empirical analysis based on a logit model was also employed to analyze household level food security status. The results of the logit model reveal that government policy interventions such as water harvesting schemes, employment generation schemes, and promotion of technology adoption significantly contribute to a higher likelihood of household food security status. The findings of the food balance sheet also indicate that the region has made some impressive development gains in improving regional food self-sufficiency, indicating the importance of government interventions in improving food security both at the household and regional level.
INTRODUCTION
Ethiopia is one of the most famine-prone countries with a long history of famines and food shortages. In Ethiopia, food insecurity among the population is widespread, and most devastatingly, there have been famines that have cost the lives of about a million people. Ethiopia is one of the world's poorest countries with indicators suggesting low levels of development. Many Ethiopians live in conditions of chronic hunger with both a low average daily energy supply (kcal/capita/day) of 1880 and a very high (44%) prevalence of undernourishment (Adnew 2004) .
The dimensions, causes, and consequences of food insecurity differ widely within the country. Tigray, our study region, is one of the regions most affected by recurrent drought and food security problems. Many people live in conditions of chronic hunger with a low average energy supply (Devereux 2000a) . A combination of factors has resulted in a serious problem of food insecurity. The combined problems of environmental degradation, irregular rainfall, high population pressure, recurrent cycle of drought, lack of diversification in economic activities, and institutional factors threaten food security in the region.
In recognition of these problems, the Ethiopian government formulated a long-term strategy, Agriculture Development Led Industrialization (ADLI), to reverse the dire situation of small farmers and eventually alleviate its food deficiency. Cognizant of the particular problems in Tigray, the government of Tigray designed an agriculture development strategy for the region to be based on the rehabilitation, conservation, and development of natural resources, and is known as conservationbased agricultural development policy, which forms food security strategy as its major component.
Following the conservation-based agricultural development strategy and food security strategy, the regional government has launched a series of development and poverty reduction programs. Consequently, different pro-poor development programs have been implemented over the past http://www.ecologyandsociety.org/vol16/iss1/art18/ years to improve food security both at the household and regional level. However, program implementation by itself is not the final step. The question of how these policies affect those groups that are vulnerable to food insecurity, and thus its policy effectiveness, needs to be evaluated after a certain period of time to assess what changes can be attributed to the introduction of a particular intervention program or policy (Dunn 2004 , Kumar 2005 . Policy or program evaluations are also required to inform policymakers and the public on which public actions have been effective and which ones have not worked well in solving social problems (Babbie 2003, Wond and Macaulay 2010) .
In the literature, attention has been paid to analyzing the causes of food insecurity and dynamics of poverty, but studies on the impact of the government interventions on food security are limited. There is a small body of research that assesses the impact of food aid programs on household food security and welfare and to a more limited extent, nutrition (Barrett 2002) . Important exceptions include Quisumbing (2003) , Yamano et al. (2005) , and Holden et al. (2006) . In a recent paper, Gilligan and Hoddinott (2007) examined the importance of foodfor-work (FFW) programs on consumption, food security, and assets in rural Ethiopia. Given the objectives of the government policy, i.e., ensuring food security and concomitantly addressing its causes in the long run, the evaluation of the effects of these integrated interventions upon food security is pertinent. In this study, we attempt to evaluate the effect of government policy interventions aimed at addressing the principal issues of food insecurity both at the regional and household level. The specific objectives of this paper are to analyze and evaluate regional food self-sufficiency at different governance scales and to determine the influence of government interventions on household food security based on indicators related to policy instruments. We used three scale levels of analysis to demonstrate our study.
Defining food security
Food security is a concept that has evolved over time. According to Hoddinott (1999) , there are approximately 200 definitions and 450 indicators of food security. In the mid-1970s, definitions of food security focused on aggregate food supplies at national and global levels, and analysts advocated production self-sufficiency as a strategy for nations to achieve food security, e.g., in the Food Availability Decline theory (Sen 1981 , Devereux 1993 . This view focused merely on food production variables, i.e., supply side, and overlooked the multiple forces that in many ways affect food access, i.e., demand side variables. It said nothing about people's income and purchasing power.
In the 1980s, the focus of food security shifted from global and national levels to household and individual levels. Definitions further underwent another round of evolution after the 1996 World Food Summit. According to the refined definition, food security is seen as a situation that exists when all people, at all times, have physical, social, and economic access to sufficient, safe, and nutritious food that meets dietary needs and food preferences for an active and healthy life (FAO 2002) . This definition is broader than the previous definitions, for example, that of the World Bank (1986), which was summed up by Maxwell and Frankenberg as "secure access at all times to sufficient food for a healthy life" (Maxwell and Frankenberger 1992:8) . As a result, a synthesis of these definitions, with the main emphasis on availability, access, and utilization, serves as a working definition in projects of international organizations.
Apart from differentiating between spatial dimensions, the understanding of food security also includes a time dimension, describing the intensity and characteristics of a household's food insecurity. Consequently, food insecurity can be "chronic" or "transitory." A constant failure to access food is distinguished as chronic, whereas a temporary decline is considered as transitory food insecurity (Maxwell and Smith 1992) . Consistent handling of food security thus requires integrating time and spatial dimensions.
Food insecurity and its underlying causes
As in other sub-Sahara African countries, Ethiopia is one of the most famine-prone countries with a long history of famines and food shortages that can be traced back to 250 BC (Webb and von Braun 1994) . In Ethiopia, food insecurity among the population is widespread. Serious food shortages and high levels of malnutrition continue to affect a large number of people in several parts of Ethiopia.
The debate in Ethiopia on the causes of inconsistent food security between regions and communities has http://www.ecologyandsociety.org/vol16/iss1/art18/ fuelled highly contested viewpoints between the academic disciplines and in development thinking over the past few decades, giving rise to a proliferation of demographic, economic, and political emphases across the food security literature (Devereux 2000b , Maxwell 2001 . The recent 2002-2003 food crisis has been evaluated to be the result of a suite of political, social, and economic factors rather than only the result of environmental stressors leading to production shortfalls. The causes were complex: the country is prone to drought. Drought and environmental degradation are important natural factors that make households vulnerable to food shortage. The agricultural sector is nearly totally dependent on rainfall and any weather fluctuation or rainfall failure means loss of a major livelihood source that always accentuates food deficit. Von Braun (1991), for example, reported that a 10% decline in rainfall below its long average results in a 4.4% reduction in national food production.
Frequent droughts are not the only factors contributing to Ethiopia's food security problems. Like many African countries, Ethiopia confronts several environmental issues that are particularly problematic for the agricultural sector. Poverty and food insecurity in the drylands of Ethiopia are caused by land degradation that amplifies the negative impacts of droughts (Aune et al. 2001 , Tewolde Berhan 2006 . Low agricultural productivity, poverty, food insecurity, and land degradation are pervasive and interconnected problems in the Ethiopian highlands Shiferaw 2004, Pender and Gebremedhin 2008) . These factors often interact with one another resulting in a reinforcing cycle of the poverty, food insecurity and natural resources degradation trap. This problem manifests itself in recurrent drought affecting millions of people.
Social factors such as population pressure, traditional farming systems and practices, and economic limitations like poor infrastructural services, shortage of farm land and other productive assets, are also factors responsible for households' food insecurity. Tigray's population growth remains very high with an annual rate of approximately 2.5%, putting pressure on existing amenities. In addition to natural and socioeconomic factors, government policy failures or inappropriate development strategies and governance are claimed to be one of the main factors for the recurrence of food shortage, poverty, and underdevelopment in many African countries (Paarlberg 2002 , Bird et al. 2003 . Ethiopia suffered from misguided economic policies under the socialist Dergue regime, which ruled from 1974 until 1991. The policy framework of the past governments and decades long civil war in the region have played a role in exacerbating food insecurity. With respect to the cause of the 1977-1988 Ethiopian famine, Downing (1995) notes the correlation between famine areas and specific government policies. To summarize, food security is a deep rooted problem in Ethiopia in general and in Tigray in particular. It is a multifaceted issue and its attainment demands integrated policies and technologies that can contribute to increased production and improved food security.
Government policy instruments for food security
The Ethiopian government formulated a long-term strategy to reverse the dire situation of small farmers and eventually alleviate its food deficiency, and concomitantly, promote the manufacturing sector to provide essential consumer goods. The adopted strategy is the agricultural development-led industrialization strategy (ADLI), which takes agriculture as its point of departure and growth engine (FDRE 1994) . Cognizant of the particular problems in Tigray, the government designed the agriculture development strategy for the region to be based on the rehabilitation, conservation, and development of natural resources, and is known as the conservation-based agricultural development policy.
The long-term development strategy of the government aims at promoting sustainable management of natural resources and increasing agricultural production, and ensuring food security and nutrition of the population. The strategy focuses on improving the production and productivity of smallholder agriculture through generation, adoption, and diffusion of suitable farm technologies in the form of improved inputs and farming methods, provision of credit, and rural asset building. To mobilize small farmers and the dissemination of better farming practices, the development strategy has been operationalized via the Participatory Demonstration and Extension Training System (PADETS). http://www.ecologyandsociety.org/vol16/iss1/art18/ Food security strategy is the major component of the ADLI policy. The first version of the food security strategy was issued in 1996 and revised in 2002 highlighting the government's plan to address causality and effects of food insecurity in the country. The strategy envisages developing an agriculture-based economy by raising farm productivity and income. Furthermore, the food security measures aim to promote and strengthen micro-and small-scale enterprise development, improving the food marketing system, promoting and strengthening supplementary employment, income generating schemes, and credit services to address the demand side problems. As an example, in our study the government interventions carried out to tackle the problems of food security are discussed in the following section.
Intervention to enhance food availability
Food availability is one of the three conditions of food security as defined by the World Food Summit. Increasing the production and productivity of agriculture in a sustainable manner could address the problem of food shortage by making more food available and by generating employment and income. With this in mind, the regional government in Tigray has put emphasis on creating substantial growth and expansion in the agricultural sector that would considerably reduce the spread of poverty and food insecurity in the region. Accordingly, different interventions were carried out to raise agricultural production by giving utmost attention to agricultural extension services. One of the major components of the extension package is the use of fertilizers and improved seeds. As indicated, the most plausible way to eradicate poverty is to increase food supply in the region and create the opportunity for people to attain food security. One of the means that has been followed to expedite the availability of enough food, which has been the obsession of the regional government, has been the increased use of fertilizers by smallholding farmers. Furthermore, several arrangements have also been developed to facilitate farmers' access to rural credit to enable them to purchase fertilizer and other agricultural inputs. The regional government, Dedebit Credit and Saving Institution (DECSI), and regional cooperative associations have made efforts to provide credit for such purposes.
The extension services also focused on introducing better and improved agricultural practices. These practices were accompanied by the development of infrastructures that enable farmers to sell their products and buy farm inputs more easily. Development agents were assigned in each tabia (lowest administrative level) to train farmers by demonstrating the benefits of the program.
Furthermore, the government has introduced a variety of water harvesting schemes, which is considered as the single most important means to increase agricultural productivity and address the problems of water shortage. Accordingly, extensive pond construction and digging of water wells, traditional river diversion schemes, and construction 
Interventions at household level
In addition to programs oriented to agricultural production, two intervention programs, i.e., the integrated household level extension program known as the food security package (FSP) program and the food-for-work (FFW) program, were implemented to fight food insecurity at the household level. The FSP was launched in 2002 with the overall aim of generating and diversifying rural employment and income that can reduce risks for food insecure households. At the household level, the FSP program intended to secure food by diversifying the income base of the poor through provision of credit for a range of activities in a package. A household can be financed for a range of activities (package) and loans are disbursed on an individual basis. Although the components of the package for which loans are granted differ from area to area to suit agroecological and other needs, the basic components include livestock, i.e., oxen and cows, small animals, i.e., sheep and goats, poultry, beehives, seed, and fertilizer. In 2003, the number of households chronically affected by food insecurity and covered by the food security package program was 49,427 rural households (6.7%), and Ecology and Society 16(1): 18 http://www.ecologyandsociety.org/vol16/iss1/art18/ the number of beneficiaries increased to 629,328 rural households (86%) in 2008.
The FFW program on the other hand, served as a safety net for poor communities in food insecure areas. The FFW programs are mainly meant to provide employment and generate public goods such as physical and social infrastructures. It is a way of utilizing the food aid to development ends, while at the same time transferring food to the poor, i.e., a transition between emergency relief and the achievement of long-term development objectives. Ehui and Pender (2005) found that food-for-work and cash-for-work projects are main sources of nonfarm income in Tigray.
DATA AND METHODS

The study area
The study area, Tigray, is in northern Ethiopia and has a rugged terrain, ranging between 400 to almost 4000 m above sea level, covering a total area of 53,000 km². It lies between latitudes 12° 15' N and 14° 57' N and longitudes 36° 27' E and 39° 59' E. The region is structured into six administrative zones and 34 districts (Fig. 1) , and its population is estimated to be about 4.5 million of which 80% live in rural areas. The climate is predominantly semiarid with irregular rainfall and frequent drought periods. Average annual rainfall ranges between 500 and 900 mm yr -1 , with a unimodal pattern, except in the southern part of the study area where a second, smaller rainy season allows local growing of two successive crops within one year (Nyssen et al. 2005) . Tigray is one of the regions most affected by food security problems. Despite efforts being made and some signs of change, poverty and food insecurity in Tigray is staggeringly high.
Methods
Determining Food Balance Sheet
The concept of food security can be analyzed for units at different conceptual levels and the exact dimensions that need to be measured should vary depending on the level of analysis chosen. At a national or regional level, the status of food security can be analyzed in terms of supply indicators by looking at the ability of the country or region to obtain sufficient food to meet the needs of all citizens. The most widely used indicator is the quantity of food available as compared with needs. Availability is a function of domestic production, imports, food aids, and security stock. Of these, domestic production is critical in ensuring food availability at both regional and household levels. The change in the regional level of food availability was analyzed first by computing a so-called Food Balance Sheet (FBS) for the period 2000-2008. FBS is the principal tool used for calculating national food security, which is used to determine the expected food deficit or surplus, the necessary food import, and/or food aid requirements (Frankenberger 1992) . The Ethiopian government has designated 2100 Kcal (or 225 kg of cereals per person per annum) as a minimum acceptable weighted average nutritional requirement (FDRE 2001 , MoFED 2002 , and we used this threshold level to determine the annual regional food requirements for the period. Based on the annual net cereal production, we determined a self-sufficiency ratio (SSR), which is measured as the ratio of the sum of net production of cereals to the requirement of food. Moreover, we derived a regional food availability ratio (FAR), which is the ratio of the total food supply to the food requirement. Tigray is categorized as a low income food deficient region dependent on food aid. There are no regional food imports, though there are at the national level. Total food supply is therefore determined as the sum of net domestic produce and total food aid.
For deriving the FBS both at regional and district levels, data on annual agricultural production and population were collected from Tigray Bureau of Finance and Economic Development (BoFED). Data on fertilizer, improved seed supply, and irrigation coverage were also acquired from BoFED. Also, data on food aid was acquired from the Disaster Prevention and Preparedness Commission. Historical records of monthly precipitation data for the period 1954-2008 were acquired from the Ethiopian National Meteorological Services Agency.
Household survey
Furthermore, we used data from a household survey conducted in the districts of Kilte Awelaelo and Enderta. A two-stage random sampling procedure was used to select rural households. At the first stage, six villages (locally called tabia) were selected randomly. In the second stage, random Ecology and Society 16(1): 18 http://www.ecologyandsociety.org/vol16/iss1/art18/ Fig. 1 . Administrative map of Tigray region, Ethiopia sampling techniques were employed to draw 90 sample households from the villages of Abrha Atsibha, Kihen, Tsegreda, Lemlem, Felege Selam, and A'rato. Data on the basic characteristics of households in terms of demography, resource endowment, economic activities, income, crop production, farm input use, as well as household coping strategies were collected. To generate the required data, different methodological approaches such as in-depth interviews, focus group discussions, and field observations were employed. Data on income from food-for-work was computed from the number of labor-days supplied for the foodfor-work program reported by all participating households.
To measure household food security, first a minimum level of subsistence necessary to maintain healthy living for the population under study was defined, below which households are classified as food-insecure. We used the 2100 kcal as a cut-off value between food-secure and food-insecure households. Then, the daily per capita calorie consumption was determined by dividing the estimated food supply to the household. Thus, those households who have energy per adult equivalent http://www.ecologyandsociety.org/vol16/iss1/art18/ below the minimum subsistence requirement are deemed to be food insecure, and those who managed to attain the cut-off value are considered to be food secure households.
Once we categorized the sample households as food-secure and food-insecure, we selected a model to elicit the factors influencing the food security status of households at the study area. A variety of statistical models can be used to establish the relationship between household characteristics and food insecurity. The use of the logit or probit model is recommended when the dependent variable is dichotomous as a panacea of the drawback of the linear regression model (Gujarati 2003) . Many researchers tend to choose the logit model because of its comparative mathematical and interpretational simplicity (Hosmer and Lemeshew 1989) . Therefore, we employed the logit model for this study. Thus, the model uses food security status of households as the dichotomous dependent variable, which took a value of 1 if a household was found to be food secure, 0 otherwise. The logistic regression model employed to determine food security status is:
Where π i is the conditional probability that household i is food secure, β 0 = constant term, β k = coefficient for k ith independent variable x, with i= 1,...., n, for n=90.
Reviews of literature were used to identify the potential determinants of household food security with basic emphasis on factors linked to government policy instruments introduced to address the problem of food security in the study area. Therefore, food-for-work income, technology adoption, farmland size, access to irrigation, type of household head, age of household head, education level of household head, oxen ownership, and offfarm activity were selected to analyze whether they explain a household's food security or not. All the factors were a priori expected to have a positive impact on the food security status of households.
According to the literature, subsistence farming, by its nature, is production for direct consumption. Any farm input that augments agricultural productivity is expected to boost the overall production. This contributes toward attaining household food security (Brown 2004) . Thus, fertilizer and improved seed are expected to have positive effects. Fertilizer use was measured on the basis of amount of fertilizer used by a household. Improved seed was measured on the basis of whether or not a household applies improved seed (dummy variable).
Income determines the household's ability to secure food and it remains to be an important variable that explains the characteristics of food secure and food insecure households. Income earned in the form of one's own production or income earned from other activities that might be related to employment as daily wage laborers could enhance the capacity of the household's access to food. Therefore, a positive relationship is expected between a household's participation in food-for-work and food security status in this study. Since food-for-work income is linearly proportional to the number of working days, it can serve as a proxy for FFW income. Similarly, nonfarm activity has been found to be positively correlated with income and wealth, and may offer a pathway out of poverty. Improved access to nonfarm sources of income is likely to be good for household welfare, including food security ). Employment in off-farm and nonfarm activities enables farmers to modernize their production by giving them opportunity to reduce the risks of food shortage during periods of unexpected crop failures. From this perspective, it was expected that a household's participation in off-farm activity positively influences the household's food security. In this study, participation in off-farm and nonfarm activities was measured by whether or not a household was engaged in those activities, i.e., a dummy variable was used. We considered the offfarm job created through government's employment generation scheme.
Education is an additional factor that is also thought to influence the food security status of households. Education equips individuals with the necessary knowledge of how to make a living. Literate individuals are keen to get information and use it. Hence, it is supposed that educational attainment by the household head could lead to awareness and benefit from the possible advantages of modernizing agriculture by means of technological inputs, which in turn would enhance households' food security. Educational status further reflects the household's human capital and it was thus assumed http://www.ecologyandsociety.org/vol16/iss1/art18/ to play a role in determining a households' food security. Households led by educated heads take a value of 1 whereas those led by uneducated heads take a value of 0.
Farmland size is a continuous variable. We expected farmland size to affect the food security status of households positively. According to Najafi (2003) , food production can be increased extensively through expansion of areas under cultivation. Therefore, under subsistence agriculture, holding size is expected to play a significant role in influencing farm households' food security. The size of farmland owned by a household was determined by summing the fragmented plots and converting into hectares.
For age, the assumption was that the higher the age of the household head, the better the food security situation because there are more options of making food available from both agricultural and nonfarm opportunities. Older persons are more risk aversive, and tend mostly to diversify their production activities. As a result, the chances of such a household to be food secure is higher. Hofferth (2004) , in his study, further argued that the higher the age of the household head, the more stable the economy of the farm household because older people also have a relatively richer experience with their social and physical environments as well as greater experience in farming activities. However, it could also be negatively correlated with food security indicating that as the head ages, he/she might be less efficient in carrying out demanding farm operations resulting in low farm production and productivity. Male-headed households were expected to have higher food security status than their female-headed counterparts because it is assumed that male-headed households are in a better position to supply more labor to do the farm work.
Use of irrigation is a good strategy for promoting crop production in the region. Thus, it is hypothesized that a household's access to irrigation positively influences their food security status. A household that has access to irrigation activities took a value of 1 and households who did not engage in irrigation scheme took a value of 0.
Ox ownership is another determinant of food security status of households. Oxen serve as a source of traction in many developing countries, thereby significantly affecting a household's crop production. Animal traction power enables households to cultivate greater areas of land and to execute agricultural operations in a timely fashion (Govereh and Jayne 1999) . Therefore, a positive relationship between ox ownership and food security was expected in this study. The data on ox ownership was used by converting it into tropical livestock unit (TLU) which results as: 1 Ox = 1.1 TLU
RESULTS AND DISCUSSIONS
Enhancing food availability at the regional level Domestic production of food grains or food availability was considered to evaluate government efforts to boost production and ensure food security. Results of our FBS reveal that food requirement in the study region increased by 2.4% while the food availability improved by 7.7% (Table 1) . As a result, the food deficit declined by 32% over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . The self-sufficiency ratio (SSR) increased by 8.6%. The self-sufficiency ratio expresses the magnitude of production in relation to domestic utilization. Based on the official food grain production figures, the food grain SSR for Tigray region is gradually increasing. The lowest self-sufficiency rate was found in 2002 and was attributed to crop failure caused by the severe drought that occurred all over the country, indicating the vulnerability of the agricultural sector to the natural vagaries. Moreover, the food availability ratio has also increased by 7.7%. Crop production has increased dramatically over the period of [2003] [2004] [2005] [2006] [2007] [2008] (Table 1 ). The increase is mainly due to the expansion of cultivated land, increased and better use of improved technologies, including water conservation, fertilizer application, improved seeds, pest control, and the expansion of irrigation schemes. Source: Computed by the authors, using data from Regional Bureau of Finance and Economic Development, and the Regional Disaster Prevention and Preparedness Commission, Tigray http://www.ecologyandsociety.org/vol16/iss1/art18/ seed market sector. Also, a substantial number of farmers were not able to recoup their investment because of the drought in 2002 and this situation generated a loss of confidence for some years in buying into credit schemes. However, the arrangements worked out to facilitate farmers' access to rural credit to enable them to purchase fertilizer and other agricultural inputs contributed to the increase in fertilizer consumption over the period.
The extension program was expanded substantially and is producing tangible results in terms of increasing productivity. The massive extension programs on soil and water conservation had significant impacts on changing the environment. In a related study, Pender and Gebremedhin (2008) found that land investments and land management practices introduced in the region had a significant impact on the value of crop production and predictive crop productivity. The role of development agents was also pivotal in implementing the extension programs. The number of development agents assigned to every village center has increased from one in 2000 to three in 2006 with specialization in crop cultivation, natural resource protection and conservation, and animal husbandry. This new system of organization has helped in narrowing the gap in the extension workers to farmers ratio, and by clearly demonstrating, these agents trained as many farmers as possible in the benefits of food security packages.
Furthermore, because of the variety of water harvesting schemes introduced since 2002, the amount of land under irrigation has increased from 4773 ha in 2000 to 29,734.6 ha in 2008. Thus, improvements in water use efficiency helped the region to increase production over the period and these interventions also gave farmers an opportunity to access water resources and increased the likelihood of using improved inputs because of the reduced risk of crop failure. However, the implementation of the water harvesting scheme program was not without problems. There were signs of attempts to implement these programs through the use of coercive persuasion while households were voicing problems with the technology in some areas of the region.
Finally, the new coalition for food security established in 2003 between the national government and development partners to search for a long lasting solution to the issue of food security has created an opportunity to obtain substantial amounts of financing for implementing the food security program. Given the commitments of the regional government, we believe that this has played a fundamental role in the financing and smooth implementation of the program over the period 2004-2008. In general, the results of the analysis on the Food Balance Sheet reveal that food availability and regional food self-sufficiency increased over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] , with dramatic increases during [2005] [2006] [2007] [2008] . The analysis reveals that increases in productivity were consistent and that the regional crop production in 2007 and 2008 met the food requirement levels necessary for a per capita dietary energy supply of 2100 calories. On the other hand, the temporal average annual precipitation exhibited high variability over the period with a coefficient of variation of 16%, which is high compared to the national figure of 8%, while the production of cereals showed a consistent increase since 2003. This indicates that the policy instruments put in place improved food self-sufficiency at a regional level. Government official data also revealed that the region has made some impressive development gains in the past few years. This data suggest that GDP growth averaged 12.1% while agriculture grew on average by 18.7% between 2000 and 2008. This economic growth has raised the living standard of many poor households from a very low base. Similar development gains have been observed in the country over the same period (Loening and Imru 2009 ).
However, food supply indicators at the regional level can provide some useful information regarding trends in food availability but they are often too aggregated to detect pockets of food deficit in a given district. Similarly, a Food Balance Sheet is not usually drawn upon at a disaggregated basis to detect differences across regions or districts (Davies et al. 1991 , as cited in Frankenberger 1992 . Thus, looking at the spatial effect of government interventions across districts is vital to draw a concluding remark. Consequently, the findings of the FBS computed at a district level (see Appendix) reveal that improvements in the food selfsufficiency ratio are observed in all districts except for Naeder Adet district, where the food self-http://www.ecologyandsociety.org/vol16/iss1/art18/ sufficiency ratio is decreased by 6.1%. In general, the region had an impressive performance on improving its food self-sufficiency on a sustained basis since about 2004.
Empirical results of the household survey
In Table 3 , we present our results on the household survey. The logit model was first checked by using the likelihood ratio chi-square statistic, which is usually used to test the relation of the dependent variable with the selected variables in the model. The model chi-square statistic, which is obtained by the difference of the value of the unrestricted log likelihood function (with all the parameters) and the restricted log likelihood function (with only one parameter, β 0 ) was found to be 37.509, with p < 0.001, indicating that at least one of the parameters in the equation is nonzero or significant. This represents the fit of the model when the most basic model is fitted to the data, moreover it shows that the log odds of household food security is related to the independent variables.
With regard to the predictive efficacy of the model, the results shows that of the 90 households included in the sample, 90% are correctly predicted. Of the 90 observed households in the sample, 51 are food secure (56.7%) of which 90.2% are correctly predicted by the model. Of the 90 observed households, 39 are food insecure (43.3%) of which 89.7% are correctly predicted. Overall, the model classifies 90% of the households. The Hosmer and Lemeshow (1989) test statistic shows a significant association between the observed and the model's prediction of a household's food security status.
Among the 10 factors considered in the model, nine were found to have a significant impact in determining household food security. These are farm size, access to irrigation, improved seed use, fertilizer use, food-for-work income, off-farm activity, ox ownership, type of household, and education, significant at 5%.
The regression results show a positive relationship between fertilizer use and the probabilities of household food security, implying that the likelihood of food security increases with the farmers' use of fertilizer. Similarly, an increase in improved seed application has a positive effect on household food security. This implies that households could improve their food security http://www.ecologyandsociety.org/vol16/iss1/art18/ situation by increasing use of modern technological inputs in their farm operations. Feleke et al. (2005) also found use of fertilizer positively and significantly related to food security. Thus, the regional government's obsession with increasing the use of fertilizers and improved seeds by smallholding farmers as a means to expedite the availability of enough food is positively influencing the likelihood of household food security. However, policy makers have to make efforts to curb the exorbitant fertilizer and improved seed price.
Access to irrigation is another strong factor positively associated with food security and welfare. The finding revealed that there is a positive relationship between households' food security and access to irrigation activities. The positive relationship indicates access to irrigation reduces the likelihood of food insecurity among the sample households. Furthermore, a test of association was carried out to analyze the impact of water harvesting schemes by employing a two-way counter factual test (households with access to irrigation and those with out). The chi-square test result, Spearman's rho, is found to be 0.433 (significant at 5%) indicating that there is a significant association between a household's food security status and access to irrigation. The counter factual test further illustrates that a household with access to irrigation activity has a higher mean annual income. Thus, the introduction of water harvesting and irrigation schemes are offering farmers a possibility of mitigating water stress, reducing risks of crop failures, and thereby reducing the risk of food insecurity among the sample households.
Food security is an issue of income, either income from one's own production of food, or income earned from activities that allow access to food through the market. The regression result shows that http://www.ecologyandsociety.org/vol16/iss1/art18/ there is a positive relation between food-for-work income and household food security. However, the effect of a unit increase in food-for-work income on food security is marginal. The findings further revealed that households with alternative off-farm activities are more likely to be food secure, a finding similar with Nyariki et al. (2002) who found involvement in off-farm activities positively and significantly affected food security in Kenya.
Households that manage to secure supplementary income from off-farm activities have better access to the food they need than those households that do not. Thus, households with multiple income sources are also better off in terms of food security, and creating access to alternative employment opportunities is among the key measures necessary to ensure food security. This highlights the importance of food security package programs that create employment opportunities for farmers to diversify their income sources.
The results of the logit model indicated that sample households that had a larger farm size had a high probability of being food secure. This indicates that the amount of land held by a household influences food security positively. The possible justification is that farm households that had larger farms had a better chance to produce more and to diversify the crops they produce.
The results of the analysis also show that education is important in reducing food insecurity at household level. The impact of education in increasing food consumption and reducing food insecurity is significant in rural areas, i.e. households with higher levels of literacy are more likely to earn more income and enjoy increased food consumption than those households with lower levels of literacy. The Exp (β) statistic for age of the household head suggests that the odds in favor of being food secure decreased by a factor 0.912. This means that an increase in the age of the household head decreases the likelihood for the household to become food secure. This is possibly because as the head ages, he/she might be less efficient in carrying out demanding farm operations resulting in low farm production and productivity.
The regression result also shows that ox ownership, in tropical livestock unit, of households has a significant and positive relationship with the likelihood of household food security. A unit increase in ox ownership increases the probability of household food security. This is an indication that ox ownership acts as a hedge against food insecurity in the study area. The logit analysis further reveals that government interventions on creating alternative employment opportunities, irrigation, household asset creation, and increased agricultural input supply are among the key measures necessary to increase food security at the household level. However, the effect of food-for-work programs on household food security is found to be significant but marginal in this study.
CONCLUSION
The primary objective of this study was to assess the effectiveness of policy interventions at different scales addressed to tackle the problem of food security. To this end, effects of intervention on improving regional food availability were examined, a food balance sheet was constructed, and the food security at the household level was studied using a logit model. The findings of our study reveal that food availability and food selfsufficiency at the regional and district level improved over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . The food selfsufficiency ratio (SSR) in the region increased by 8.6%. As a result, the food deficit declined by 32% over the time period. The findings of the household survey also confirm the importance of the government's integrated household level extension program, i.e., the food security package program and food-for-work program, in influencing the household's food security status, indicating the role of government policy instruments as important tools to ensure food security at the household level.
Effect of government interventions on food security should therefore be viewed from different scales of analysis. Only research aimed at the interplay of analysis at different scales is able to unravel the effectiveness of governance in ensuring food security for a certain region. 
